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Abstract  
Structural, electronic and optical properties of Cd1-xSrxO (0 ≤ x ≤ 1) are calculated for the first 
time using density functional theory. Our results show that these properties are strongly 
dependent on x. The space group of the compound changes from Fm-3m (x = 0) to Pm-3m (x = 
0.25) to P4/mmm (x = 0.50) to Pm-3m (x = 0.75) and finally to Fm-3m (x = 1). The linear 
relationship of lattice constant with concentration x confirms that the material obeys Vegard’s 
law except for x = 0.50 which is tetragonal rather than cubic. The nature of bond of the 
compound also changes from covalent to ionic as Sr increases from 0 to 100%. It is also found 
that Cd1-xSrxO is an indirect bandgap compound for the entire range of x. While the bandgap of 
the alloys increases from 0.85 to 6.00 eV with the increase in Sr concentration. Frequency 
dependent dielectric functions ε1(ω ), ε2(ω), refractive index n(ω) and absorption coefficient α(ω) 
are also calculated. It is also found that Cd0.50Sr0.50O is an anisotropic material. The larger value 
of the extraordinary refractive index confirms that the material is positive birefringence crystal. 
The peak value of refractive indices shifts to higher energy regions with the increase in Sr.  
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I. Introduction 
Group II-VI semiconductors have extensively studied due to their effective use in 
optoelectronic industry. These compounds are commonly used in many established commercial 
electronic and optoelectronic devices operating in blue to ultraviolet spectral regions [1-6]. 
Optically transparent and electrically conductive nature of CdO makes it an important member of 
the group. Its industrial applications are not limited to solar cells, transparent electrodes, ohmic 
contacts to LEDs, smart windows, optical communications, flate panel displays, photo-
transistors, photovoltaics, gas sensors, low-emissive windows, thin-film resistors [7-13] but it is 
also efficiently used as a high reflective compound in the infrared region while high transparent 
material in the visible region [11]. Bandgap of CdO is 0.85 eV, while strontia (SrO) is an 
insulator with bandgap of 5.71 eV [14, 15]. Strontia is used as a catalyst in chemical engineering 
[16] and is also used in cathode ray tubes for the blocking of X-ray emission.  
Knowledge of bandgap engineering and optical properties of semiconducting compounds 
is a promising field of study for the design of optoelectronic and photonic devices. A systematic 
change in the bandgap of a binary material can be achieved by the partial substitution of anion or 
cation of a crystal by an element of desirable properties.     
In the present theoretical work bandgap of rock salt CdO is varied systematically by 
alloying with Sr. In order to investigate optoelectronic nature of these alloys their structural, 
electronic and optical properties are calculated. All calculations are based on density functional 
full potential linearized augmented plane wave (FP-LAPW) method with Wu-Cohen generalized 
gradient approximation (GGA). 
 
II. Theory and calculation 
The calculations are performed by FP-LAPW approach within the framework of density-
functional theory (DFT). The exchange-correlation energy of electrons is described by GGA. 
The GGA functional form Wu-Cohen is used within the wien2k package [17]. 
In the full potential scheme both, the potential and charge density are expended into two different 
basis. Within the atomic sphere the potential is expanded in spherical harmonics while outside 
the sphere (interstial region) it is expanded in plane wave basis. The expanded potentials are: 
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Inside the sphere potential is spherically symmetric while outside the sphere it is constant. RMT is 
chosen in such a way that there is no charge leakage from the core and hence total energy 
convergence is ensured. RMT values of 2.41, 2.33 and 2.19 a.u. are used for Cd, Sr and O 
respectively. For wave function in the interstitial region the plane wave cut-off value of Kmax = 7/ 
RMT was taken. Monkhorst-Pack grids k-points from 5×5×5 upto 43×43×43 are used in the 
Brillouin zone integration and convergence was checked through self consistency. The 
convergence was ensured for less than 1 mRy/a.u. 
Structural properties of Cd1-xSrxO are calculated using Murnaghan’s equation of state 
[18]: 
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Where E0 is the total energy of the supercell, V0 is the unit volume, B0 is bulk modulus at zero 
pressure and B/0 is derivative of bulk modulus with pressure. 
Optical properties of Cd1-xSrxO are calculated using a fine k mesh of 3500 points for the 
present calculation. The dielectric function of a crystal depends on the electronic band structure 
and its investigation by optical spectroscopy is a powerful tool in the determination of the overall 
optical behavior of a compound. It can be divided into two parts; real and imaginary: 
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The imaginary part of the complex dielectric function, ε2(ω), in cubic symmetry compounds can 
be calculated by the following relation [19, 20]: 
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While ε2(ω)  is used to calculate the real part of the complex dielectric function [13,16]: 
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Refractive index is calculated in terms of real and imaginary parts of dielectric function by the 
following relation:  
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While absorption coefficient can be calculated by [20]: 
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III. Result and Discussion 
  In order to study the structural properties of Cd1-xSrxO (0 ≤ x ≤ 1), alloys are modeled at 
various compositions of Sr with a step of 0.25. Structure optimization of each compound is 
performed by minimizing the total energy with respect to the unit cell volume and c/a ratio using 
Murnaghan’s equation of state [18]. The crystal structure of CdO and SrO is rock salt with space 
group Fm-3m (no. 225). The substitution of Sr in CdO affects the crystal structure significantly. 
The space group of Cd1-xSrxO changes to Pm-3m (no 221) at x =0. 25 and 0.75, while for x = 
0.50 the structure becomes tetragonal with space group P4/mmm (no 123). The change in the 
crystal structure is due to the difference in the ionic radii of Cd and Sr. Similar changes in the 
structure of Zn1-xCrxSe is reported by Ref. [21] and in ZnxCd1−xO by Ref. [13, 22]. Structural 
parameters such as lattice constant, a and c (A°), are caculated from the stable volume and are 
presented in Table 1. It is clear from the table that our calculated results for the binary 
compounds are in good agreement with the available experimental and calculated data. It is also 
clear from Fig. 1 and Table 1 that the density functional calculations performed for Cd1-xSrxO at 
x = 0.25, 0.75 are in good agreement with the results obtained by Vegard’s law. Large deviation 
can be seen at x = 0.50 due to the structural change from cubic to tetragonal. 
 The calculated band structure and density of states for Cd1-xSrxO (0 ≤ x ≤ 1) are presented 
in Fig. 2. It is clear from the figure that Cd1-xSrxO (0 ≤ x ≤ 1) is an indirect bandgap material. 
The substitution of Sr does not affect the indirect bandgap nature of the compound but increases 
the gap which is clear from Fig. 2(d). The indirect bandgap varies from 0.85 to 6.00 eV and the 
direct bandgap also increase from 2.8 to 6.2 eV with the increase in Sr concentration. It is 
obvious from the data presented in Table 2 that our calculated values for the bandgaps of CdO 
and SrO are closer to experimental results than other calculated ones. The reason for our better 
results is the use of effective Wu-Cohen potential in the GGA scheme [27], and high k-points 
(3500). The origin of band structures presented in Fig. 2 can be understood by the corresponding 
density of states [28]. It is clear from the figure that the conduction band is mainly composed of 
Sr-d state for all ternary alloys. Figs. 2(a) and 2(b) show that the lower part of the valence band 
is composed of Cd-4d and the upper part is mainly dominated by O-2p state. While in Fig. 2(c), 
it is shown that the lower part of the valence is composed O-2p and the upper part is of Cd-4d 
state. This interchange of states is due to the change in the nature of bonding. At x = 0.25 and 
0.50 partial covalent bond is stronger so the charge is shared by O-p and Sr-s states, while at x = 
0.75 the bond nature is more ionic than covalent in O-2p and Sr-3p state (the charge is 
transferred among the ions, Sr, O). The change in bond nature is due to the increase in 
electronegativity difference of cation and anion with concentration x. 
The variation in the bandgap of Cd1-xSrxO (0 ≤ x ≤ 1) provides promising results of the 
use of the compound in optoelectronic devices working in visible to ultraviolet region. 
Depending upon the need and requirement of a particular application, any desired bandgap 
between 0.85 and 6.00 eV can be achieved.  
The calculated imaginary part of the dielectric function for Cd1-xSrxO ( 0  ≤ x ≤ 1 ) in the 
energy range 0 – 40 eV is shown in Fig. 3. It is clear from the figure that for x = 0, 0.25, 0.50, 
0.75 and 1.0 the critical points in the imaginary part of the dielectric function occurs at about 
2.80 eV, 2.83 eV, 3.20 eV, 4.25 eV and 5.95 eV respectively. These points are closely related to 
the direct bandgaps EgΓ-Γ; 2.80 eV, 2.85 eV, 3.30 eV, 4.30 eV and 6.20 eV of Cd1-xSrxO for the 
corresponding values of x = 0, 0.25, 0.50, 0.75 and 1. 
 The absorption of a material can be easily described by its ε2(ω) plot. It is clear from Fig. 
3 that CdO has high absorption in the region 2.8 eV to 18.5 eV with different peaks. The width 
and critical points of the absorption region, shifts towards higher energy as the concentration of 
Sr increases from 0 to 100 %. The structure of the compound changes from cubic to tetragonal 
when 50 % Cd is substituted by Sr and hence the material becomes anisotropic. An extraordinary 
peak at 7 eV in the c-direction shows strong absorption of Cd0.50Sr0.50O. It is also clear from the 
figure that anisotropy decreases with the increase in the incident photon energy. The material 
becomes isotropic for high energy photons. The variation in the absorption spectra for different 
concentrations of Sr can be related to the change in the bandgap. Materials with bandgap lesser 
than 3.1 eV work well in the visible light devices while those with bandgap larger than 3.1 eV 
can be used in UV devices [29, 30]. The prominent variations in the optical absorption region 
with bandgaps of Cd1-xSrxO (2.8 eV to 6.20 eV) confirms its suitability for optical device 
working in the major parts of the spectrum; visible and UV. 
The calculated real parts of the complex dielectric function ε1(ω) for Cd1-xSrxO is 
presented in Fig. 4. The figure clearly shows the anisotropic nature of the tetragonal structure 
(Cd00.50Sr0.50O). It is clear from the figure that the static dielectric constant, ε1(0), is strongly 
dependent on the bandgap of the compound. The calculated values of ε1(0) for Cd1-xSrxO at x = 
0, 0.25, 0.50, 0.75 and 1.0 are 3.8, 3.62, 3.30, 2.95 and 2.64 for corresponding direct bandgaps 
2.80 eV, 2.85 eV, 3.30 eV, 4.30 eV and 6.20 eV respectively. This data explains that the smaller 
energy gap yields larger ε1(0) value. This inverse relation of ε1(0) with the bandgap can be 
explained by Penn Model [31]. 
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The above relation can be used to calculate Eg using values of ( )01ε  and plasma energy ћωp. In 
CdO the main peak is at 2.99 eV and it shifts towards higher energies as the Sr concentration 
increase in the Cd1-xSrxO crystal. The maximum shift of the peak is 6.17 eV for SrO. 
The calculated refractive index for Cd1-xSrxO at x = 0, 0.25, 0.50, 0.75 and 1.0 are plotted 
in Fig. 5. A broad spectrum of n(ω) over a wide energy range is noted for these compounds. It is 
clear from the figure that the refractive index of the material decreases with the increase in the Sr 
concentration. For Cd50Sr50O the structure is tetragonal which causes anisotropy and produces 
birefringence in the material. Extra-ordinary refractive index (n┴) for Cd0.50Sr0.50O is larger than 
the ordinary refractive index (n││). The lager value of n┴ conforms that the material is positive 
birefringence crystal. 
Fig. 5 shows three different features of the  refractive index of Cd1-xSrxO. First; a maxima 
can be observed in the form of a hump in the spectrum at a particular energies and, second; the 
maxima shifts to higher energy region with the increase in Sr concentration. The third important 
point is that the refractive index drops below unity at certain energy ranges. For a refractive 
index lesser than unity (vg=c/n) means that the group velocity of the wave packet is larger than c. 
In other words group velocity shifts to negative domain and the medium shifts from linear to 
non-linear and hence the material becomes superluminal for high energy incident photons [32, 
33]. 
 IV. Conclusion 
Density functional calculations are carried out for the first time to investigate structural and 
optoelectronic properties Cd1-xSrxO (0 ≤ x ≤ 1). Structure as well as bonding nature of the 
material significantly varies with Sr concentration. The lattice constant of the crystal increases 
linearly with x, except for x=0.5 because of its tetragonal rather than cubic structure. 
The calculated band structure predicts that the alloys have indirect bandgaps and it increases with 
the increase in x. On the basis of wide range of fundamental indirect bandgaps (0.85 eV to 6.00 
eV) and direct bandgaps (2.8 eV to 6.2 eV), it can be conclude that the material can be used in 
optoelectronic devices working in the IR, visible and UV region of spectrum. 
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Figures captions 
Fig.1.  Variation of lattice constant (a and c) as a function of composition x 
Fig.2.  Calculated band structure for (a) Cd0.75Sr0.25O (b) Cd0.75Sr0.25O (c) Cd0.25Sr0.75O 
 (d) Variation of bandgap energy as a function of Sr concentration x 
Fig.3. Frequency dependent imaginary part of the dielectric functions of Cd1-xSrxO 
Fig.4. Frequency dependent real part of the dielectric functions of Cd1-xSrxO.  
Fig.5. Frequency dependent refractive index of Cd1-xSrxO 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table: 1. Lattice constants of Cd1-xSrxO (0 ≤ x ≤ 1) compared with experimental results,  
Vegard’s law and other theoretical calculation 
       Lattice constant a and c (A°)  
x                         this work              expriment       Vegard’s law                          other calculation 
0                           4.69                     4.689[12]                                                              4.664[15]               
0.25                     4.80                                                4.79                                                                   
0.50                     3.49, 5.56                                       4.89 
0.75                     5.00                                                4.99                                                                       
1                          5.10                   5.159 [12]                                                                5.093[15]               
 
 
 
 
Table: 2. Fundamental indirect and direct bandgaps of Cd1-xSrxO (0 ≤ x ≤ 1) compared with  
experimental and other calculation 
                     Fundamental Energy bandgape (eV)        Direct Energy bandgap EgΓ−Γ  
x            this work      expriment      other calculation 
0               0.85              1.09[24]             0.68[23]            
0.25          1.00                                                               
0.50          1.60 
0.75          2.40                                                               
1               6.00              5.71[14]            3.078[15]            
this work    expriment       other calculation 
   2.80          2.5[25]                   1.81[23] 
   2.85 
   3.30 
4.30  
  6.20           5.90[26]                 4.256[15] 
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